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N WAR FOR THE TASKS OF PEACE 


Climax Molybdenum Co> 

The American Metal Co., Ltd. 
SIJBroadway New York 


TER Results EASIER 
to Obtain 

O WING to their wide temperature range 
in heat treatment, freedom from 
warpage, eaaier machioahility, and 
greater uniformity with an increaaed depth 
hardening. Molybdenum Steels for aero- 
plane motor parts give reliability, economy 
and speed in msnufarlure; 

— And through their distinctive character- 
istics of additional dynamic toughness and 
extra resistance to fatigue they insure at the 
same time higher serviceability in the fin- 
ished parts. Their snperiorilies are apparent 
at all stages of production and use. 
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The Difference Will Be Found In the 
Performance 


For ten years the Glenn L. Martin Company has been 
manufacturing Superior Aircraft. An organization of 
pioneers in the industry, the Glenn L. Martin Company 
puts die mature technical knowledge bom of ten years 
experience behind every Martin airplane. The well- 
known ability of Martin airplanes to deliver maximum 
performance over an indefinite period of time is proof 
enough of the fact that 

Super-Quality Is Built Into 
Every Martin Airplane - - 


built in with the tools of Experience in the hands of 
Knowledge. 



THE GLENN L. MARTIN COMPANY 

CLEVELAND. OHIO 

Contractors to the U. S. Army. Navy and Post Office Department. 
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COLLEGE POINT NEW YORK 


H«r^ 


TION 


141 



The >ieromarine 

on snow- 


"-lO-Lr* landing 
covered ice. 


TFie 

blazes the trail 
whether in frigid Newark or 
balmv Florida. 

See the All- Season Aeromarine 
at the New ’York Aeronautical 
ESepositi on . March 6th. 
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The “ SPORT-FARMAN ” U Here! 



Manufactured by H. & M. Farman, Billancourt, Seiite, France, the oldest 
and largest Manufacturers of Aircraft in Europe. 

Farman Aeroplanes have been flown by thousands of pilots, tested by mill- 
ions of hours in the air and stand today above all for SAFETY, REI.IA- 
BILITY. and SERVICE. 

Farman Aeroplanes are built to fill all the requirements of present day avia- 
tion. From the two passenger “ SPORT-FARMAN ” to the fourteen pass- 
enger “ GOLIATH ” every Farman plane presents the following features: 
SLOW LANDING SPEED 
QUICK TAKE OFF 

LIGHT WEIGHT 

LONG GLIDING ANGLE 
RELIABLE MOTOR 

MAR\TLOUS STABILITY 
PERFECT COMFORT 

For Business — Buy a FARMAN For Pleasure — Fly a FARMAN 

Represented in America by 

W. WALLACE KELLETT 
1 West 34th Street 
New York City, N. Y. 
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Aeroplane Crankshafts 

WYMAN-GORDON COMPANY 

"The Crankshaft Makers” 


Worcester, Mass* 


Cleveland, Ohio 
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I NCREASING popular interest in aircraft is reflected 
in the decision of the airplane roanufaetarere to make 
the New York, Chicago and San Francisco shows per- 
manent national events. 

The next forward step would be representative out- 
door exhibitions in various parts of the country during 
the seasons of best flying weather. Passenger carrying, 
flying exhibitions and especially competitive handicap 
flying would appeal to tbc sport instinct of thousands. 
They would provide an actual means of converting 
interest aroused by the big indoor winter shows into 
actual sales of aircraft through practical demonstration 
and operation. 

Granting a well thought out itinerary, there is no 
reason why the exhibition planes should not be organized 
into a “ commercial squadron ” and fly as a unit to the 
different exhibition points. The publicity and human 
interest features of such a squadron readily suggest 
themselves. At the same time great crating and shipping 
expenses would be obviated. 

Chambers of Commerce and municipalities would un- 
doubtedly cooperate for civic reasons, and the enthusias- 
tic support of flying clubs and distributors of planes 
could well be counted upon. 

Such a movement should be started by the manu- 
facturers of eommereial planes at once; if not for 1920 
then for 1921. 


American Airship Pioneers 
One hundred years ago, Rufus Porter, an inventor 
from New York, published in a local scientifle journal a 
memoir on the populsion of balloons which holds an im- 
portant place in the annala of airship development, 
although it did not at the time attract the attention it 
deserved and soon fell into oblivion. 

Porter’s projected airship was chiefly remarkable for 
that it had a streamline envelope — an important featnre, 
the inventiim of wbieb is generally created to foreign 
airship pioneers, the earliest of which Porter’s desi^ 
antedated by some forty years. In order of chronologi- 
cal sequence Porter’s projected airship comes right after 
the shaped balloon of General Meusnier, the founder 
of the science of airship design. 

Now that the United States Navy has decided to build 
up a fleet of large rigid airships, it would seem the fitting 
thing to give these important units the names of Amer- 
ican airship pioneers. Ths memory of Rufus Porter un- 
doubtedly deserves to be thus honored among the first. 
Still other names suggest themselves for such recognition. 


Among such one might mention Br. Jeffries, who ac- 
companied the Frenchman Blanchard on the first 
balloon trip across the English channel, in 1764; John 
Wise, the famous balloonist of the late forties and fifties, 
who invented the rip panel and Benjamin Franklin, 
whose correspondence contains numerous references to 
the earliest balloon experiments in France. 

Swaged Wire 

Swaged wire is nothing but hard wire, threaded at the 
ends, but together with suitably internally threaded 
clevises, swaged wire permits a considerable simplifica- 
tion in the assembly of a plane. It permits the omis- 
sion of turabuckles, and avoids the always difficult 
operation of attaching hard wire to a hig. 

Experimentation on swaged wire has now reached the 
stage where it can be manufactured with complete as- 
surance of the required strength. Where the difficulty 
arises, is in the fact that every airplane builder's re- 
qnirements are different, as regards size and length of 
wire. No manufacturer can be expected to keep in sbick 
an indefinite number of sizes and lengths to meet evi'ry 
possible requirement. At the ssme time, when a machine 
is going into production, there should be no very great 
difficulty for the builder to make his own swaged wire 
and there are at least two manufacturers in the country 
who are willing to consider the manufacture of swaged 
wire, to meet any given requirements in suitable quaiiti- 


Oil Reclamation 

There is no doubt that with the present day fuel and 
oil, all lubricants are largely dilated in use, and the 
losses caused by dilution are serious, as they mean loss 
of power and increase in wear. 

While a great deal may be expected both at the bauds 
of the engine designer and the oil refiner to impnive 
the situation, it is interesting for airplane users to con- 
sider that during the war, .the Air Service designed and 
installed, at thirty flying fields, a simple system of 
reclamation, by which 73 per cent of the used oil was 
reclaimed, and made. available for re-use. 

The reclaimed oil was actually a better lubricant 
than the original oil. 

Oil reclaimers can be installed in every eommereial 
garage, and it is only necessary to have steam for their 
operation. 

Reclamaticm costs do not exceed ten cents a gallon. 

Since the airplane is now a commercjal proposition, 
the posribflities of reclamation, cannot be neglected. 
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General Electric Turbo Supercharger for Airplanes 

By Sanford A. Mo«g 



Fia. 1. DiAORAu OP Touo SupzecHAifliEi 


and tfae apparatus aria finally initalled on an airplane. A 
ven g<^ showing was made from the first. 

The increase of power at high altitude was sueh as to give 
an entirely new set of conditions from those nnder which the 
airplane originally operated. This required various changes 
in the entire airplane apparatus and development was made of 
proper radiatois, propellere, gasoline syatema, cooling systems 
and the like. This woit has been proceeding satisfactorily for 
some tune. 

Development work on the turbo supercharger is also being 
earned on in Franca independently of our own work. So far 
as can be seen from the published accounls of the Freneh work, 


many years. 

In 1903 the General Electric Co. first began work 
on the Centrifugal Compressor. This ia an ap- 
paratns similar to the fan blower except that the 
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Tbi turbine 


oylinde 


rumparatively small plane. Jo such a raae, tbe throt 
could nui be opeocd wide near aea level slnoe tbe eo 
pression would be exceoNve and serious preigniti 
would result, to say nothing of tbe damning effect 
the engine of delivery of tbe full power correspondi 
to [be displacement, with sea level charge. At Bltita< 
however, a full ebarge at tbe altitude density is take 
and on aceount of tbe high compression pistons, ttiia 
. compressed to a proper amount for good operatic 

Scime high altitude flights have been made in this w 
a , with a aingle seat plane and engine with a displaeemt 
corresponding to 400 bp. at sea level. Tbe power 
Aff high altitude was possibly 100 bp. A 100 bp. engi 
^ 3R with a turbo supercharger would give the same altitu 
k j power and weigh vei^ much lea. 
m Sin<» such an engine has normal compreaejoD pr 

K . aure at high altitude, the power will be very neat 
P proportional to tbe denaity of the charge. There w 
be no loes of efficiency due to decrease of compreasi 
pressure. Tbe altitude power will then vary direc: 
with the cylinder displacement and inversely with re 
tive density at altitude. 

Msj, Hatlelt points out that with such an cn^ne the wei| 
is narly proportional to tbe displacement. Hence such 
engine wUl weigh nearly twice as much as a supercliarg 
engine, with 18,000 ft. altitude conditions, and nearly fc 
times as much with 35,000 ft. conditions where the dens: 
is one-fonrtb that at sea-level. There is some deduction fre 
these figures due to the fact that tbe weight will not go 
quite as fast as tbe displacement and Wause the snpi 
chargers weight ia not n^ligible. However the mtuation 
tbe main is as represented. 

Engines have also been proposed with crank case compr 
sion, either with individnal connections or with a rcoeiv 
With a four-stroke cycle, two crank case ends superehargt 
single cylinder. However, with tbe minimum crank a 
clearance tbns far suggested, the maximum compression pr 
sure possuble is not sufficient to give superclia^ng at 
appreciable altitude. 


charger driving mechanism with additional losses. Tbe 
shaft power thus subtracted from the engine, multiplie 
the efficiencies of these two transmissions, gives the sliaft p 
delivered to the compressor. This ia the same as for the t 
tu|>ercharger. For a Liberty motor of about 400 hp. am 
level power at 18,000 ft. altitude this {Hiwcr is 50 hp. 

The comparieoD then is ss follows: The turbo superchi 
subtracts from the engine indicated power, adds |>owc 
expansion which would not otherwise be used, snd has tu 
wheel losses. The engine driven superehsrger puts this 
csled power through tbe engine (with some additional I 
on tlie pins and bearings) and Las engine and transmi 


IVitb usual efficiency there is probably nut n great dr 
difference between tbe gross subtraction from engine jmiw 
the two cases. There is then (he disadvantage ot (niiismi 
llie supercharger power througb tbe engine pins ami 

engine and supercharger, to be compareal with the cullcc- 
(iun of the hot gases under pressure (with muSling sd- 
vniitagcs) and delivery to the turbine wheel. As already 
mentioned, practical success to date is in favor of the 
turbo su|>vrcbarger and the writer feels that tbia is really 

Engine driven superchargers with " positive pressure." 
blowers have hern proposeil, These have (he additional 
disadvantage that with the desirable pressure ratios of 
shout two, there is an sjipreciable compression loss due 
to the fact that tbe maebine only displaces sir and has 
no direct means for compression. 

It is to be noted that, althoogh the |K>wer require<l to 
drive tlie supercharger is subtracted from the engine 
power, the remainder at high altitude with an eflicient 
supercharger is equal to sea level power. That is to say, 
tbe superebargod engine delivers power enough to drive 
tbe supercharger as well as to deliver sea level power to 
the propeller. There is of course no way to arrange for 
full power due to supereharging, with tbe additional 
power due (o' esbaust at the low absolute pressure of 
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Pike's Peak s ummi t has an attitude of 14,100 ft. It hi th 
highest point in the United Ststee easily reached by road. Th 
summit ta a slightly rounded, rocky flat about 100 yd. in dlan 
eter. On it are two stone bouses, one at the terminus of a co 
railroad and another one abont 100 yd. distant at the temiinu 
of the auto highway. Tbe motor truck w'ss set up near tb 
latter. Fig. 3 sliuws the nature of Pike's Peak aummit. Fig. 
shows the way the test ear was left after esch day's worl 
Fig. 5 shows the eonditiou in the morning a great deal of tl 
time. There wer 

— ' 1 however, many plea: 


level pressure at 18,000 ft. altitude, w 
pressure ratio of about 2. Tbe raM . 
tmns is 20,000 TipjD. Sea level pres 
obtained up to 22,000 ft. altitude, bo< 
entirely by hand operation of waste g 


foot. The present 
design has been 
hampered by neces* 
mty tor aecommwla- 
tion to existing en- 
gines and planes. It 
IS proposal hnw- 


1918. Tlie 
difficulties w 
pcrimental 

many delays, due to 
epair shops. Minor 
e sumrot, bnt all tbe 


General Electric Scpebchaimibr 


encountered with the addition 
and snow, and distance froi 
were made in a little shack at 

work and changes of appreds „ — 

orsdo Springs. Finally tbe apparatus was gotten to give good 
mechanical operation, and a namber of tests were run, showing 
the performance of the engine with the supercharger opened 
up to the mevimum limi t possible. The supercharger was 
designed for operation at 16,000 ft. with some margin. It was 
possible at the existing altitude of 14,000 ft. not only to super- 
charge so as to give full sea level power, but also to overcharge 
BO as to cause tbe engine to preignite. 

It was agreed that results of the Pike’s Peak tests warranted 
tbe immediate installation of tbe supercharger on an airplane, 
and arrangements for doing this were in progress wheE the 
armistice caused a cessation of the work. After the annistice, 
careful re-examination of the situation resulted in resum])tion 
of the work in tbe early part of 1919. Various rearrangemenU 
were made in view of tbe experience gained at Pike's I’eak, 
and tbe apparatus was finally install^ on an airplane, and 
after a number of tests on the ground, flight tests were made. 

It soon developed that a very appreciable increase of piwer 
was easily obtained when tbe supercharger was opened up. 
The whole airplane installation was not properly arranged to 
take advantage of this power, how- 
ever, and eludes were necessai-y in 
^ tlie radiator, cooling system, pmpel- 

I ler system, gasoline tank and pump 
: u system, etc. Changes in these |>arts 
luive bren made from time to ^ime, 
and this work is still in progress. 
As the work proceeds more and 
more power is developed by tbe 
engine. Changes faave also been 
made in the supercharger itself. 

Many remarkable flight tests have 
been made- In fact, during tbe 
early work a flight record of some 
kind or other was broken at every 
flizbL Appreciable progres bos 
B| already been made, but the full ca- 
* ’ pacitiea of the apparatus have not 
yet been reached, and further im- 

be «p«oted. 

Fig. 7 shows the airplane instaUa- 
tion, and Fig. 8 shows Maj, B. W. 
Sehroeder, who has made all of the 
flight tests to date, together with 
Lient. George W. Elsey, who has 
made alt of the flight observarions 
to date. Tbe aviators are of eourse 
clothed for the intense cold of high 
altitudes and cony the parachutes 
that are now regularly used by the 


Tbe combination of airplane, propeller, engine, radiator, 
cooling system, and supercharger are so intimately associated 
that no adequate tests can be nMe without tbe complete system 
in operation at foil speed at altitude. Altitude chambers exist 
for tests of engines alone, but none are* arranged for inclusion 
of the propeller. What tests were possible were first run with 
steam with tbe supercharger alone at the Lynn Works of the 
General Electric Company. Additional teats were run witli 
tbe supercharger and Liberty motor on dynamometer stands 
at McCook Field. Dayton, Ohio, the Experimental Station of 
tbe Engineering Division of tbe Air Service. 

These tests were necessarily made with nearly sea level 
initial presanre. Even slight supercharging under such con- 
ditions involved increase of compression pressure, and this 
instantly caused prrigeition. Koth 

ing the mec&nieal operation of the 
supereliarger, bnt gave no infurma- 
tion as to increase of engine power 

under altitude conditions. So far ' \ ^3 

os could be seen everything was op- \ B^\ 

ersliug pn scbednle, but there was \ Jp ' 


During the initial development of 
the Liberty motor a testing expedi- 

Piko’s Peak,°Md it was d^^ to 
repeat this performance with the 
suiierchatger. Fig. 2 shows the mo- 
tor truck that was prepared for the 
expedition. The Liberty motor car- 
rying the supercharger was mounted 
on a cradle dynamometer, with scales 

measurement of^ower, gasoline con- 
snmption and tbe like. In fact, a 
complete tcstinglaboratory was pro- 
vided. The motor truck was shipped 
by rail to Colorado Springs, and 
then proceeded by its own power to 
Pike's Peak summit on the Pike’s 
Peak Auto Highway. This is a well 
oonstrueted, very twisted, mountain 
road twouty-eigbt miles long. 


High Alt 


Fi<3. 6. Rsi 


Pike’s Peak Tbshito Otrrnr 
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Tbe Le Pere plane on wbieh tbe inatallation waa made bad 
a eeilmg of about 20,000 ft. with two men, and a apeed'at 
Uiia altitude of 70 m.p.h. With (be anpercharger hi nee, a 
apMd of about 140 m.p.h. bad been attained at 22,000 ft. 
Am already pointed out, (bis has been with various parts of 
the plane installation in a partially develop^ state. The- 
oretical computations have been made showing that much 
higher speeds at higher altitudes are to be expected. Tbe 
progress of the fli^t tests to dste indicates (bat the the- 
oretical expectatione will be fnlJy realised. 

Tbe making of high altitude records bas always been very 
attractive and tbe superefaarger has of conrae b^n used for 
this purpose as well as for the speed courses above men- 
tioned. Tbe maximum altitude attained was on Oct 4, 1919, 
with two men, Haj. R. W. Sebroeder and Lieut. Oeo. W. El- 
sey. The maximum indicated altitude was 32,335 fL The 
various computations from very complete observations give 
tbe sctual height from the ground ss 31,800 ft. 



The IS-in. control wheel is mounted on tbe end of a cc.lumn 
made from 2-in. O.D. seamless steel tnbing. A bronse trunnion, 
attached to the colnmo, works in a pressed steel bearing fast- 
ened to the floor and seat, and supports tbe column, 

From the lower end of the column, and at right angles to 
it, a shaft projects, which is rotated by the rotation of the 
control wheel throngh bevel gears and a vertical shaft. These 
gears are covered by grease-tight bronse honsings, whic’i are 
made strong enough to take the push and puU of tbe elevator 
control and act through a universal joint to a steel tube run- 



CONTROI, COLUHN FtTTEm IN AN AerOUARINE CabIK Fl.TIKa 


1 throughout 

. . tbe weather. 

t vigorously in the spring. 


New Aeromarine Control 

An improvement in the control system that adds not only 
to the safety bnt to tbe floe appearance of tbe Aeromarine 
flying boat bas recently been adopted by the Aeromarine Plane 
and Motor Co. of Keyport, N. J. The new control will be 
exhibited in use in a limouaine flying boat at the New York 
Aeronautieal Show and will appear in all new types of 

Tbe opinion has been expressed by aeronautical engineers 
and others whose duty it is to make flying safe that some of 
tbe mysterious and fatal eraabes which occur now and then 
may have been caused by tbe clothing of pilot or passengers, 
or odd bits of cotton waste, small tools, etc., jamming tbe con- 
trol wires, pnlleys or tubes around tbe stiA. This is a matter 
of conjecture only, of course, bnt it is oertain that there is 
danger of exposed wire or other parts of tbe control system 
becoming inoperative through outside interference in tbe air. 
The growing interest and participation of women in flying 
adds to the danger from this source, since their skirts, vanity 
bags, etc., may easily jam a control. 

The problem: of eliminating unnecessary wires, pulleys and 
other bite of mechanism exposed in tbe cockpit waa attacked 
by Aeromarine engineers and a decided improvement bas re- 
sulted. an improvement wbieh adds not only to tbe factor of 
safety, but very markedly to the factors of comfort and of 
cisanness of design. 

The entire control, auiovel modification of tbe Deperdnsain 
type, is nest and olcan^ abearance. All visible parts are 
heavily nickel plaM a<M bided so the control is in keeping 
with the thickly npbolst^vd, carefnlly finished boat. 


niog back under the passengers’ seats to tbe rear of the gaso- 
line tanks in tbe tank compartment. 

Acting through a universal joint attached Co a stub shaft 
supported by two bearings on a rotating sheet steel bracket, 
tbe tube drives the aileron control wire drum. To tbe same 
braeket, which is about 12 in. long, is ariached tbe elevator 
control. Two of these wires run forward over pulleys and 
back to tbe lower elevator horns, the other two directly back 
to tbe upper horns. The wires attached to the aileron control 
dram pass over pulleys located at the pivot point of tbe 
braeket, supporting the drum and benoe over pulleys to the 
lower aileron control horns. 

The throttle control lever is attached to the control cclomn 
and operates in much tbe same manner as a carburetor ohoke 
on an automobile. 


A Swedish Sporting Airplane 

The Paalson Works has constructed a light sporting, single- 
seater tractor aeroplane fitted with a 30 lip. Tbulin engine. 
Tbe machine weighs 320 kilos, empty, and has a useful load, 
including pilot, of 180 kilos. 

Two large curved rnonere, which serve as springs, are fitted 
to the onder-carriage, aa well as a landing brake. A similar 
runner is fitted over the pilot’s cockpit to protect the pilot 
should the machine turn turtle on landing. 

The wings are not fitted vritb ineidenee bracing, K-staped 
struts serving this purpose. Tbe section of the fuselage ia 
practically circular throughout, and the stabilising snrfaces 

The speed is given as from 125 to 130 km.p.b. — Lu/tj'aArl. 


Introduction to Propeller Theory 

By Alexander Klemin 

ConHtiiing En^nmr. Mail Sanieat ConmUing Avoaautical Engineer 


yoimion and IJefinilionu— Angle of Incidence or AtUek: 
The anrie between the direction of the relative wind and the 
-t-ord of an aerofoil is indicated by i. The angle between re- 
’ ' - ty of rotation of an 


velocity of relative wind and veJodty 
It of the propeller is denoted by A. 
rd: No special definition can be 
aerofoU. Tor any 
which f ■ ■ • 

Lift: The 


followed for the el 


due to the air preesnre 

perpendicular to the relative wind and 
' The lift eoefileient is always denoted 
of a hlade is denoted by dL. 


denoted by the symb 
byT,. Theiaton— _ 

Drop.- The component of the fo .. 
of an aerofoil, resolved along the relative wind is denoted by 
- the symbol D. The drag coefficient is always denoted by Kr- 
The drag on an elemrnC of a blade is denoted by dD. 


CnaiHECiuDxAWiMG Or Tvn 



denoted bv ibe symbol p, U the advance per revolntion in feet,, 
when tbe propeller gives no thrust as a whole. The erperi- 
mental mean pitch or no-thrnst pitch cannot be a constant for 
a given propter, bnt depends on tbs speed of rotation. This 
is becanae the no-lift angle of thick aerofoils such as need in 
propellen change quite rapidly with speed. 

Effective Tildb— By this is meant the dUtanee that tbe pro- 
peller actually adyancee in one revolution, that is, tbe speed 
in feet per second' divided by the rsvolntions per second snd 

SUp Ratio— 

If p — experimental pitch 

V — vmooity of revolutions per second 
ft ™ number of ravoludons per second 


This ratio is very frequently used, although it has no definite 
name. It represents a relationship between tbe velocity of tbe 
plane, tbe rotational velocity of tbe plane and the diameter 

of the propeller. Geometrically similar propelleia at *’• 

vaJnea of V/nD, exhibit the same aerodyni 




sultant air fon 


Thrust is indicated by symbol T in lb. 

Torque is indicated by i^mbol 9 in ft.-lb. 

Power delivered to the propeller by tbe engine ia indicated 
by symbol P in fl-lb. 

Effeetive power is indicated by tbe symbol P, in ft.-lb. 

Efficiency is indicated by the symbol e. 

Tbe tbrust for an element of the blade is denoted by dl. 

The torque for an element of the blade ia denoted by dQ. 

For any given propeller, a common method of presentation 
of thrust and torque values is by plotting torqne and thrust 
coefficients against the rates where V is ft. /see., n in r.p.s. 


~ AV’f‘ 


Q. = jpgr 
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anced up to date may b 


e Momentum Theory. 


The Simple Dreewiecki Propeller Theory 
Tbe simplest theory of propeller design and tbe one wh. 
baa reached the widest sceeptance ia tbe Drzewiecki theo 
which Lanebeater enunciated about the same time. 

In Fig. 1 ia rfiown sn engineer’s drawing of a typical p; 


the blade elemi 
dDmK^V'. 

When tbe thrust and torque eon 
tbe blade are integrated for the e 
’ r graphical 


peller V and tl 


n(A + S)'’>"‘ 



angle of incidence, i, dL = KedAV’ and 

for the elemenw of 
ie, by a process of 
ilegration, the tJ 



torqne for the entire propeller am found. This constr.utes 
the whole basis of tbe Drz^iecki theory, and tbe aerodynamic 
basis of propeller design conaiaU in tbe refinement, extetision 
and applieatioo of the above formulae. 

Quite apart from the questions of losses at tbe tips, Irsaes 
at the hull, interference between blades, scale-velocity correc- 
tions for lift snd drift coefficients, the correct value of aspect 
ratio to be assigned to any blade element, and other points, the 
jple DixewiMki theo^ not l^e into account the velocity 


le stream. Modern theories of the propeller constitute an 
ideavor to remedy this incompleteness. 

The Rmkine-Froude Momerdum Theory 
In the Rankine-Froude method, the propeller is considered 
>t in its separate elementa bot, as a whole, and tbe thrust is 
lund ftom tbe force required to impart a certain momentum 
lo the fluid. 

Tbe fundamental o 
the air screw may be 


eeptions of this theory as applied 
1 .. Using tt ■ 


Ideal Conoitions Of Flow 

Foft AppLiCATiert Of Tme< 

element undergoes. Each blade element has the motiot 
translation of the p 
rotation about the as 
Tbe fundamental 
like an independent c 

sed of the translational velocity of the pro- 
rotational velocity Sfcrn so that 
V. - VV+(2*R»)' 

This resultant velocity makes with the chord of the blade 
clement an angle > which is the angle of attack. 

If the blade element be further considered as an aerofoil, 
the naual meaning will attach to the terms lift and drift, whose 
valnea will bo dependent on the angle of incidence • and on 
the value of Fr. We are not so much interested in the values 
of dL and dD, however, as in tbe value of tbe force components 
along the axis of translation and along the line of rotation, 
the one will be a part of the total thrust of the propeller, the 
other will be a part of the torque of the propeller. 

Resolving along these two axes, we have 

for thrust component dL cos A — dO fin A = dT 
for torque component [dL sin A -fD cos A] r = dQ 
Multiplying these eomponenta by the translational and angular 
velocity respectively, the efficiency will be represented by the 



flcieney. This efficiency cun only occur in a perfect flnid. 

In a perfect fluid it also follows that ail tbe work done bv 
tbe thrust of an element of tbo blade on the air ia converted 
into the increase of kinetic eotrgy of tbe slip stream. From 
this it foUowa that dT{V + v,) = VadM ( F + v. -f e,)> — ( V) 
. if e, = o, the expression for thrust bensmes 


so that «, = v„ and 
simplified, so that d' 


‘ V, uiv expression zor i 

+ 2dafv.. 

-- t, the entire disk arc 

■ ■ ■ If A if 



Velocities & Forces 
F o» A Blade Elememt. 

GOnSiDERiNE iriFLOW 

density of tbe air, and the stream be taken to oecnpy the entire 
disk area T = 2^. (F,-f«.) . (e.-H..) . = | ^ (F + c.) t. 


AppUcalion of Bermouim’s Theorem to tl 
n applying Bermouilli’a theorem to the ait 
( Continued on page 164) 


Some Physical and Psychical Effects of Altitude* 

By Charles Atkin Swan 


Tht paptr itJkicA it primttJ kmwUk it of pti-uharli/ limely 
imtrttl in connection teilh Major R. W. ScAro«<t«r’i attitude 
fight to aSfiOO ft., t'eb. H6, lael, wAteh es(ai>i><A«« a mw 
•earlit record. Having reached Ihit aUUnde, Major Sehroeder 
loti ooneeiouenett oming to hit ozygen feed tank having become 
exhaueted and dropped to milhin ifiOO ft. from the ground, 
token he recovered penial ronteioutnett. He then righted the 
machine, a Lepire biplane filled with a Liberlj/ Twelve and 
eguipped with a Matt luperckarger, and glided down lo make 
a perfect landing at McCook Field, whence A« had aecendcd. 
When oficert and meekaniri reached Ike machine. Major 
Sehroeder wot found lo hate eoliapted. He watt promptly 
removed to the Foil Hoepital, where it eoae fonml that his 
eyebalU were froten and that he tufered from temporary 
blindness and carbon monoxide poisoning, m addition to (As 
efecle due to Ike lack of oxygen during kit dire and Ike ex- 
tremely law lemperalure at high at{>tM<Ri. The Ikermomeler 
registered — 67 deg. Fahr. at the jwak of tAe fight. The 
carbon monoxi-U jtoisoning from which Jfojor Sehroeder wot 
suffering was due lo the engine exhaust, which blew back into 
Ike eocbpil, Ike poisonous effects of the carbon monoxide be- 
ing gr-allg inleneifed by Ike rarefied air reigning a! those 
at/r«nta>.— KniTOK. 

When some lwenly*rive years afro I began making notes of 
the effects of aJtiln<le on tin- human animal, I never <irramt I 
should be eallol u|x>n to make public anv of mv observations: 
I urn doing so now with the uimost dilBdenee and buoved op by 
the hope that a few of (he facts I am about to bring to vour 
notice may bo even indin-rtly useful. 

In view of the rapidly approaeliing use of eonimereial a>'ia* 

spener rvai] betore the Koyal .veroDNUtteal Etoelelr. 


understood that I am not approaohing tbs subject from the 
pnrdy scientific point of view, but rather from the standpomt 
of the men in the street, whose experienee of altitude may be 
very moderate, as indeed is my own. Seeing that from 10,000 
to 15,000 ft is ibe average height at which I made my observa- 
tions, partlv for eonvenienco sake and partly as I found those 
altrtudes were conducive to eomfort; and I, therefore, have 
little or nothing to say about that valuable invention, the low 
pressure chamber or tbe apparatus for rebreathiug experi- 
ments, or on the use of oxygsn for inhalation, which latter 
of coarse, been invaluable or rather a necessity when dealing 
with allitndes above about 18,000 ft. 

1 am rather attempting to show how tbe ordinary mortal 
can get on. and very well, too, at the moderate altitudes I 
selected as tbe grounds on which I made my own experiments; 
and to try and analyse, as far aa I can, from my own re- 
searches, and aided by those of far greater people than myself, 
so as to find out what are the causes of discomfort at those 
altitudes, and, what is far more important, how they can be 
avoided. 

Looking back to the eariy history of aviation, I do not know 
that I derived much information t^t was naeful, for on study- 
ing tho Bceount given by Doctor Jeffries when he crossed from 
Dover to the forest near Calais in 1785, the only discomfort 
upon which he laid stress is that he suffered severely from 
cold, and this is hardly a matter for astonishment, as he states 
plainly that, owing lo the small amount of ballast carried, he 
and his companion had literally to divest themselves of every 
shied of clothing tbev possessed, so (hat on their arrival their 
warmth was only restored to them by the kindness of tbe 
(Conlinued on page 155) 
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si head 


a fallen h 


AV 


reganli-d as flowing m a strvsn 

disk, where it iMtantaneoiisly r>wvi>w a„ v 

for tbe streamlines integrated should then be eilual to the 
thrust. Tbe id^I conditions of flow are shown in Fig. 3. 

Here the inflowing eolunm has at a sufficient distance in 
front of tbe screw a sectional a^ A, a velocity y and the 

general premure of .s , 

disUnee behind the t 

the general value p hss. a uniform velocity 
sectional am 

Ueasurrments of bead cluseb 
indicate that an integralioi 
approach very closely the i 

AsrafoU Momefilum Tbeorr • 

The aerofoil-momentum theory can be at < 
efficiency at ’llie blmle element, no that the 
Heienry of a blade element is only-^ 
of the Ilirust on the fluid is eonv-rrted entirely 
of kinetic energy of the fluid, which 
assumption. In considering the rclativ 
to (he blade element, inflow velocitv mi 
rideratioD aa in Fig. 4. 

The true efficiency of llie 


et that i‘, = i\ can lie deiiionslraled as before. 

The Aerofoil .Momentum Theory with Race Rotation 
The introduction of the idea of race rotation is due t. 
unber of writers, DeBotbezat and Riaeh in particular. 
To maintain lor ' •’ 


before the ah’ eonea in contact with the blade it already has a 
rotational velocity in. the same direction as the propeller blade 
element so that the relative angular velocitv between sir and 
bl^e is diminished. 

beginning of (bis note and aseum- 
trial throat and momentum that all the 
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ladies who rode out from the chateau to meet them, and lent 
them their cloaks aa protection during the eleven mile ride on 
horseback to tbe chateau; also the height attained was appar- 
ently only JOOO ft. or two. 

Poeribly we can all agree that tbe chief factors causing 
pbysiolopeal or pathological phenomena (1 am using those 
terms elumuJy, meaning to distinguish between effects ^at are 
either within or without the bounds of heslth) si vsrious slci- 
tudes are the ohemicsl differences in tbe atmosphere and the 
variations in pressure. I have tried to separate the physical and 
psychical causes and effects as fur as possible, but 1 cannot say 
1 have been successful, as ths two appear to be inseparably 
mingled. If I appear to be atstiug facts that are too evident 
to every one, I must ask yon to pardon me, as this short paper 
is addressed not only to (he scientific public. 

There is no doubt that at about sea-level we deal with a 
pressure of 760 mm. of mercury and a comfortable atmospberc 
of. Bay, about 20 per cent of oxygen. At 6000 ft. we have, 
roughly, a pressure of 615 mm. and about 16 per cent of 
oxygen, at 14,000 about 450 mm. and about 12 per cent of 
oxygen. Equrily wo agm that as we aacend the higher pres- 
sure KTadually merges into the lower. These chemical anil 
physical changes may, of couxae, account for many of the 
phenomena, and possibly by mal-nutrition may upset the nerv- 
ous system, and at any rate help to produce tbe physical effects, 
though in the Alpine experiments there are obviously other 
uausca, such as tbe emotional effect of tbe scenery, the brilliant 
sun or driving snow, ss the case may be; the delightful clear 


tains, and for obvious reasons did not take my subjects iniu 
my confidence, but always made photography my excuse for 
the various ascents; and after 1014 by fur tlie larger port of 
my work was carried out in tbe early dates of the war, before 
the R.A.F., M.C., was in being in this country, as far aa re- 
search went. 

Flint of all I wish to give you a few facta and data, as far 
as I was able to collect them, coocerning happeuings on various 
mountains in Switeerland and the Dolomites where muscular 
effort was involved, then to compare the results of investiga- 
tions on people of a very different type, who ascended from 
1800 ft. lo 11,100 by train. 

In my first set of experiments I kept as closely as I could 
lo two different types of ascent:— (a) Where there was noth- 
ing sensational or heady, but simply a steady climb; (b) 
where the ascents involved traverses with little or no help here 
and there save what was afforded by the rope; this was done 
(lurposely in order to bring in the emotional side of the experi- 

It -fiould Hecm that there is a definite altitude for each indi- 
vidual where the low atmospheric pressure or tbe deficiency in 
oxygen caused so much dirturbance, that what 1 would term 
the compensating mechanism seemed to be unable to adjust the 
organs to the changed conditions; and nit through the experi- 
ments I hope and believe yon will notice that it is not so much 
I lie changes that matter ss the power of the individual to adjust 
liimsclf or herself to them. 

Even at so low an oitilude as 7000 ft., I found a large num- 
lier suffering from dypnoea slightly at first, but increasingly so 
for the first four or five Jays, after which recovery look place. 
This was as it should be according to the text books, but, is 
we shall see. there are many cases where tbe sequence of symp- 


ic, vitality is at ... 

itcresting. I was going to my room rather late — about 
a. m. — when 1 noticed the door of a bedroom open and 
h the occupant was not altogether 
in ahd found a lady, apparently 


, as though the occupant 

happy. 1 cautioualy peeped in ahd found i .... 
about 30, lying on her back; her li]M and finger-nails dusky: 


rapid^’^P 
bad come straight u 
tired; she had woke 
% of oppression : 


T respiration about 34. 


up or, rather, had been w 
ing of oppression iu her chest. 

I went into the brother’s room and found him in much the 
same condition, and gave him a dose of whisky a 


One thing struck me, and that was tbe 
what one might term a ” relapse ” whei 
-.trong wind came on, and thia would happen 
complicating matters by taking exercise. Of con . 
including any of those health resorts auch as Arosa, where the 
bulk of the tourists are presumably patie: ' ‘ ' 

long trouble, bat I am dealing with what t 
the ordinary healthy adults. 

Dyspnoea Graatesi at Night 

Several times 1 was greatly struck by tbe fact that the 
dyspnoea was greatest at night, about 2-4 a. m., when, of 


,e indhriduals bad 
r fog or really 
1 without their 

' j 


nd gave h . .. . . 

strychnine; he suffered more or lees all night, while the Sbter 
slept perfectly happily; the next day they both went for a 
vralk, danced in the evening, went to bed and had no further 
trouble. The comparison of these two cases seemed to me to 
point to the epianchiiics being at fault, or, at any cate, being 
respooeiblc for some part of the trouble. I examined both a 
day after. Pulse, 72-76; respiration, 18; absolutely no symp- 
toms. They remained tlic whole season at from 8000 to 10,000 
it. without ill effects. Clearly (he recovery was too rapid for 
the malady to have been true mountain or altitude sickness, 
yet at first sight it seemed a dear case. 

An ascent np to 13,400 ft. was rather interesting. We 
mounted slowly (lOOO ft. p. h). Oat of a party of ten, five 
had no symptoma at all; pulse, 120 to 125; respirations 20 to 
24; three vomited; pnise, 120 to 130; respirations, 28. These 
three complained of what they Urmed misty visioo and showed 
a certain amount of cyanosis; two suffered a certain amount 
of dyspnoea; pulse, 120; respirations about 30; very slight 
cyanosis, and black coffee apparently set them right. 

Two were perfectly well on the nseent, but on going down 
complained of slight frontal headache, and eiirioualy enough, 
although their pulses and respirations were respectively about 
120 and 30, they complained of no distress until near the hnt 
on tbe descent, when they described their feelings os breathing 
air that was stuffy; severe frontal headache set in; asiiirin 
inoreased it, but salol effected the recovery within an hour. 
Tbe next day everybody was well, and we repeated the same 
ascent, but by another route. I alone carried the barometer, 
instruments and other medical comforts, so no one knew at 
what altitude they were, but the same symptoms were reposted 
within 100 ft. of the some altitudes as no the previous day 

Repeated these experiments several times, always on sub.eots 
who had not made ascents before; but a ” 


considerably longer periods than the time of climbing, an as 
to allow for additional fatigue during the ascent. One cations 
point is worth mentioning. When tcolAinp up a slope caused 
distress, as soon as the gr^ient became steep enough to allow 
of our going on all fours, every one moved on with much 
greater comfort. 

Also on one occasion another point came to light. We had 
been accompanied one year an Irish terrier dog, who be- 
oamo excecdingiy export in climbing; and one day at the top 
of a peak, about 14,000 ft., the dog was perfectly happy; 

without thinking I held him up by ms fore pawg, as though 

, . .. V.. ... ^ iimide of his lips 

tor; I let him go and be se«n reeovexsd. 

... ubting the truth of what I said about the 

dog, called him to him and repeated tho same experiment with 
exactly the same result. It was obvious in thia ease that the 
change of posture had done something to disturb tbe aninial’s 
sympathetic nerves. I should add that the halt at the end of 
each ascqnt was about IS to 30 min., so as to r^ularise any 
symptoms during the descent. 

I had only a primitive manometer in those days with a closed 
and. As far as I could vouch for its oeenracy, which I Ifear 
was not very great, the syetolie pressure before commeneing 
tbe ascent varied from 108 to 120 mm. In people who suffmd 
no distress at all there was a rise of about 5 to 10 mm. in the 
two people who vomited. Tbe rise was shortly after foUcresd 
by a fall. The interesting point was that whether these were 
symptoma or not, tbo rise of B.P. was much tbe same, as if 
the symptoms bore no ratio to the sensitiveness of the medul- 
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I regret I bad no opportunity of repeating tbe teste at the 
eonelueion of tbe climb to see when tbe normal B.P. was 

All these caam eeemed to point to a deOnite pbyaicaj eaose 
disturbing the maehinety during tbe experiments, but to my 
surprise when malring another test np to only 9000 ft. on tlw 
glacier side of tbe Eiffelbom, which is a fairly vertical climb, 
although only about 2000 ft., as we start at 7000, practically 
tbe same phenomena can be produced— I take it, ehieOy'dne 

day, and tbe same experiments were repeated prartically every 
dav for a wedc with very little alteration in physical signs. 

I regret that I am not able to give any daU as to how far 
tbs two who vomited were able to recover their power of com. 
penaation, as they gave up any further attempts, hut I beard 
a weric afterward they were none the worse. 

In support of the oxygen-hunger point of \ iew, I might 
mention an intereating little incident. I was si about 0000 ft. 
about to start on a short, ordinary ascent. UutsMe tbe hotel 
was a bowlder, too smooth for ordinary cUmbing: it was only 
about 60 ft high. A ebaplain with me was anxious to get 
up to tbe top. As I bad my rope^hoes on, I offered to get 
him np with tbe help of one of tbe guides. IVe roped up in 
s burry over one sbonlder. I went on, and at the lop banled 
on tbe rope. Up came tbe ebsplaio, and we were much inter- 
ested to find that he was absolutely bine, and practically nn- 
conaciona. His napirations were 38. pulse 130, and be was 
showing every sign of oxygen-hunger. On examination we 
found that in my haste and being very cold, instead of nsing 
a bowline, I had tied him np in a “granny,'' which, of eouree, 
sbpped and, compresatng his wind-pipe, had given him a de- 
ligblful oxygen-hunger. It happened that there was a laily 
at tbe hotel suffering from pneumoniB and was being treated 
with oxygen. We merely bad to put the tube between his lips, 
and be was none the worse for this adventure. 

Thia, I think, illustrates very clearly that oxygen-hnsger 
alone will produce the symptoms we have been discussing. 

Id alt I made 104 obMrvalions. In two there was a transi- 
tory aibnminuria. I happened to be consulted by some eight 
or ten at tbe close of the season, and in about four oases there 
wss msrked pbospaturia and o^uria; tbe former I put down 
to the effects of strain; the latter, I must eonfesa, puzzles me 
altogettor. In all those eases which I would term slight and 
scute eases, I almost invariably found that the old guides' 
remedy of oil of einnamon on sugar gave great relief, as if 
gastric and intestinal distension were the 6rst enuee ot the 
trouble while the cireuletory and other essential compensating 
rhangea were quietly taking place meanwhile. 

Happening to make a teat on a rock climb at about 12.000 

ft. on a snbjeet. a Mr- X , who bad shown no distress wlisl- 

evor, I was able to obtain all the pliysicsl sigus, as well as 
symptoms, of mountain sickness simply by letting the subject 
hang over the edge of an arrets, and to eliniuiaie the altitude 
I repeated the same experiments on s needle of rock, tlm sum. 
■nit of which wss barely 5000 ft. above sea level, with exactly 
the same resulla— rapid pulse, rapid breathing and subsequent 
headache, but hardly any cyanosis, but marked rise of blood 
preeeiire immediately afterward. 

Wbeo the train ran up (he Jungfrao, up to 11,000 ft., it nut 
easy to make numberless experiments. II was usual to start 
at an altitude of 1800 ft and go prartically straight itp to 
1 1 ,000 or more in about two boon, 

1 will give yoo some ot tbe renalts during two weeks' ob- 
servation: natnrally, 1 excluded all obviously unfit subjects, 
sucli as very elderly people. Here you will sec there was no 
qiiesliun of muscular effort complicating mattere, save in the 
Inst experiment. Out of 72 subjects examined, tbe pulse was 
raised by about 5 to 20 beats, reepirations varied greatly from 
22 to 38 ; as far as my rough manomider allowed, 1 estimated 
the rise at about 10 mm. 1 waa able to count about 600 that 
I could keep fairly well under obaervatiou without their being 
aware of iL There was not a single ease of hemorriiage, only 
9 vomited, 23 showed some little distreea on walking at the 
summit, no one se emed to suffer from tronbles of vision, hot 
were able to take pbotoe with comfort. Of the 72, 1 was only 
able to find 10 who complained of tinnitus, and my private 
opinion is that many of theac ten said th^ did bccanae they 
thought it was the correct thing to say. tn any case, eve^ 
one waa relieved by swallowing, save one wretched yontfa who 
hsd obvions adenoids. A good many paseengers complained of 


aore throats, but thia may possibly have been dne to the extreme 
dryness of the air and wind eoming off tbe ioe. 

I made several experiments with r^ard to B.P. on people 
vriio stayed at the summit about 12 hr. Out of about 40, 10 
showed distinct fall of B.P., and all the way down in the 
train they were irriuble, beoomtng worse on descending. Some 
few complained of headaches. I was able to ascertain that 
every one was entirely well the next day. Also after repeated 
ascents, geing up and down the whole uy, the B.P. at tba end 
of tbe day wss below noimal in 12, and up in 4 or S, and out 
of 17, fonr complained of headachea, and they were all more 
or Itea irritable. There was one additional experiment on a 
party of five; part of the resnlte landed me in a hopeless 
pnxzle. We went up by train to 11,000 ft. and then climbed 
to tbe enmmit, or rather walked, as it cannot be called a climb ; 
pulse and resphations increase only by abont ten and two 
reepectively ; B.P. I waa not able to take. There were no 
symptoms at all save in one man, who bad been perfectly fit, 
but at 12,500, roughly, became suddenly cyano^; his pulse 
was rapid 140 and vriry ; he bad to be help^ down. I uter- 
ward learned that he was a strong, positive Wassermann. 

There were two old ladies, sppsrently over 60 sod veiy 
stont; to my disgust they neither of them enffered on tbe 
Bseant or descent. I bad a little chat with them in the evening, 
and they told me they had jnst come from Carlsbad. 

One other very curious point came out, about five yeare ago, 
in a little quiet mountain place, witb no excitement there to 
ruse possible complications. There were two young adults 
who had just arrived, and on the same di^ they Mth bad 
what seemed to be an endless succession of epileptic seixnres, 
although they bad suffered none for more than ten years. 

I came across the ease of a man who waa piesnmsbly per- 
fectly sound; at least he bad been examined frequently and 
lold 90. After t-wo months of passes, varying from 8000 to 
14,000, he had a marked systolic murmur, but suffered no 
symptoms. 

It lues often struck me that what may bo termed the reaction 
time in gnidea is alow and their movements needleesly deliber- 
ate. This, of course, may he due entirely to their training, 
but they show it even in their games during the season, and 
if one meets them at other periods of the year, down in tbe 
valleys, they seem quite different in temperament; 1 mean 
much more alive and brisk, phyaicslly and mentally. 

I have tried thus far to examine tbe varionz different condi- 
tions which take place at high allitudee, sneb as the low pres- 
sure and partial oxygen pressure; there is also the cold to be 
considered, often very strong wind, and, although it mav seem 
fanciful. I always think there is some form of electric tension 
iii^the air which cnosea the general exhilaration: when we have 
alnatst contradictory. ^ ^ 

■ Lok ^fcntality " Esperiment 

I will gi\i- the exiterienccs of a man we will call He 
wss a person of wlmt I rail low mentality and really had not 
sufficient imagination to understand that be would damage him- 
self if he fell from the rope. Giddiness, in the ordinary sense 
of the word, ‘was a thing he could not grasp, so we may take 
it he was a good subject for a test by all various conditions 
together. He made the ascent of the Oabclhom 114.700 ft.) 
in mtd-Septcmber, after having been in the vallov at an alti- 
tude of abont 1000 ft. for a week or two. The ascent and 
descent took altogether about 14 hr. He suffered dyspnoea, 
hnt no oetusl pain, though conscious of rapid breathing as 
soon as he passed 11,000 ft. 

Owing to the Intenets of the season and to the weather not 
being good, cold was of course ponsiderablo. At about 13,000 
he began to suffer vertigo; pnlse was rapid and seemed to him 
thundering in his ears: he was told it was snowing, but that 
did not worry him; he felt a keen desire to go on, bnt his feet 
and bands were heavy, thia was when walking; on reaching 
the rocks about 13,000, he vomited, then climbed wHh much 
greater comfort on all foare. but at the summit the difllcnllv 
m breathing reinrned. He seemed to have voluntarily resorted 
to what is loiown as Cbeyne Stokes breathing 

Coming down tbe same form of breathing returned at inter- 
involuntarily; hU B.P. was roughly 15 below normal. 
The next day he was none the ‘worsen B B ..v* An t 

Bttribnted bis getting off so lightly 
more than half bis food was lost, 
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not over-taxed. Elxamined next day, pulse 
28, no pun or dieoomfort and no more tired than after an 
oaoent by train to 11,000. This teems to point to the fact that 
compensation taken place more or leas rapidly in different 
people, bnt that rither musonlar fatigue or too long a oon- 
tinnanee at a particular altitude that is hi^ for eaoh paitieulax 
individual may cause a reversal of the usual phenomena 
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motor, which has 


designed for 
Tbe pilot and passenger sit close together 
tected from the wind. They have excellent ’ 
Tbe useful load is 1056 I 


other words, instead of mnseular et 


Ian <reotres, it may help to exhaust them rapidly. 

^tting all these facte together it seems that in a case where 
mnecular effort is e^loyed the rise of pulse rate, reepirations 

s^ptoins^^dStress over*S^ ^hen*no*dtetrea^ 
siso seems to me to draw attention to the very lu^ part 
played by digestive organs, and also by tbe higher nerve iMmCreB, 
as shown in eases where a little sensation is introduced, for 
in this ease I abonld have mentioned that the B.P, rose in much 
greater ratio, also Che headache and fatigue in tbe evening 
were jnst as niariced as after the more fatiguing ascent. Of 

ean be produced without any great 
ignore the ; ' 

>nt mei ' 
only fo. 

the factors for these physiological 
of want of 


t stimulating tbe medal- heavily loaded, the monoplane c 


le signe and symptoms ei 
li altitude, therefore we 


In trying to estima 
effeote I have begnn . 
n resulting from lower 
- "■- — types 


often with 


I, though the two 




e chary of patting down every di 
C u altitude of 12,000 or 14,000 ft 


The German Daimler Airplane L-14 

The accompanying illustration shows in front view t 
German Daimler L-14 equipped with a 240<Up. Merced 




»£ the sponge by a 
re often shaded into 

xinvincing the laity 


good get-aways and landings. 

It is interesting to see the rigid wing truss monoplsne 
developed for commereial purposes. 

Special Construction of School Machines 

~ I the conetructiOD of scfauol, as 

rom active sen'ice and especially scout maebines, 

1. In easy eecceaibility of tbe parte oven Co the detriment 
of low head resistance, and 

2. Safety of coasCrucCion in view of crashes. 

The first consideration requires that tbe control wires should 
be sitnated as little as posable inside the wings and fuselage, 
that the axle ebonld be without wood fairing and the en- 
gine uncowted or only partly eowled, to enable tbe pupil to 
see the working of the various parte and to facilitate repairs. 

Sseondly, school machines, in epite of tbe increase.! cost, 
sbonld bo built of wood — preferably with plywood fuselage, 
as steel tubing in a crash is unyielding and prevents rapid 
extrication of the victim , — Zeitachrifi fur Flugteehmic Had 
UotorluftsckiffahTt. 




u take advantage of avi 
uld we ever feel unwell during on 
cureiona let us remember <1) the adaptability of O' 

( 2 ) that far the larger part of the disoomforts of < 
dne to digestion ; that those of ns who are eea-sick get over 
it and are none the worse, therefore there is no reason why 
3t get over air-rickneas. And lastly, that we should 
' ■ ’ y discomfort wo notice when 

' ' o that altitude, remem- 

unaoenstomed road we do not say the road is imporei^le, but 
rather examin e our engine, aee what is amise in each particnlar 
case. Is it not common justice to aoeord the same common- 
sense leniency to onr bodiea, seeing how much we all want to 
take them by airt 


Institute of Aeronautical Engineers — Great 
Britain 

Some of tbe objects of thia institute arc as follows: 

(a) To promote the scienee, art and practice of aeronautical 
engineering and all branches of mechanical construction 
thereto. 

(b) To conduot examinations and grant diplomaa, Iherriiy 


<c) T< 

’>1 . 

o the aeronautical industry and advi 

(flj Publicly 

laboratoi , . . _ 

to tbe folly qualified aeronauticaT enginew. 

The President is at preecnt Professor G. H. Bryant, the 
well-known authority on theoretical aerodynamics. 
Examinations are now being oiganized. 

Membership forma may be obtsim ■’ - 

22 Kast 17th Street, N. Y 


obtained from Alexander KIcmin, 



Front Vixw or isn Dauslcb Modkl L-14 Sport Pi.ani 



Impressions of Airplanes at the Show 


By Alexander KJemin 
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Cortis HF bokU oaed so eztensiveJj dimsg the war for Uw 
trauuBg of Navy AviatorB. asd th« main modiflcation of tbe 
MF are in tbs arrangeinenC of tbe boU, in wbieb a pilot or 
two passengers are eanied. 

Tbe bnU is provided with a nmeh laiger wind-shield than 
is enstomaiy in training planes, and lots of leg-room is pro- 
vided for all the oceopents. A eurions featore is found in 
tbe front control sUck. Tbe rear control being further babk 
on the ade, tbe front stick U bent under tbe eeat so that it 
works on tbe same abaft as the rear control stick. This is a 
very clever piece of deaign, to get around what is always a 
difflcolt problem. It is interesting to note on this machine 
the use of aluminum wing floats, which come right up to the 
wing, and require only one strut for lateral bracing. 

In the wing tmse of tbe Seagull it is noticeable tbat two 
large skid-fins are provided altbough there is a dihedral in 
tbe machine. Tbe lift trass Is so arranged tbat tbe wing 
hinges are carried out at some distance from the hull, by 



Ce&in Planti 


Instead of tbe three K-6 n 


Woosly installed in this plane, tbs Eagle now c< 
tiss 12 cylinder 400 bp. engines; mounted on 


s two C 


The Eagle is a sturdy, well-designed plane of gencrallv 
neat appearance, with adequate vision for the pilot- The 
camel-bke fuselage, on first eihibit, was regardecl with some 
doubt as to its aecodynamic properties, but a high speed lest 
th^*^ tbat very little detrimental effect is produced 

A number of features in the construction of this ship are 
worthy of note. The radiator mounting is very neat, while 
It ts generally admitted tbat the free e<r mdiar-,. «kn 
largest in 'weight and aerodynamirally i 
’ -e alwa— ^ — -> - : 


or IS mounted in front of the 

— a very solid mounting attached 

-o the Btmt. The radiator tank fits very neatly into Ihe front 
edge of the upper wing. The well designed wing truss has 


strut adjoining the 


pper wing. Tht 

ouUtandmg peeuliarities, with the ciception oi. me anii- 
buckling device on the stmta, shown in the sketch. No doubt 
tbe Cnrtiss engineera have made careful calculation in this 
regard, and have found advantage in lightening up the struts 
even when the eatra head-resistance of the anti-bnckling de- 
vice IS tsken into account. 

Uttcb comment has been made on the large o 
the engine mounting, which -c.—- — i? — j 

eouree, involves a slightly hea..v. ue-ox,, , 

ously necessitated by the balance When three c 



I’idee for a very solid construction. The binging of tbe eroes- 
struCs on tbe ebtssis may also be a ueefnl feature in rough 
landings. 

Another cabin plane exhibited at tbe Show was Ue Day- 
ton-Wrigbt model O.W., a biplane of 46 ft span and 28 ft. 
0 in. overall length, which is fitted with a bp. Wrigbt- 
Ilispano engine. Accommodations are provided for a pilot 
and two passengers and suflicient fuel ie carried for a Sight 
of hr. 

A noteworthy feature of the O.W. is its humped body, 
made neeeasary to join the roof of the cabin with tha npper 
plana As a consequence the cabin is veiy spacious and tbe 
occupants are afforded a satisfactory view of tbe ground be- 
low, but at tbe same time the pilot aits some distanie from 
the front window, which is not entirely beyond eritieiem. It 



Fio. 12. Sectios or Winoow of Ccnriss Baope 


. „ ..ote. tbat this machine baa a very light wing 

oadmg, only 4.6 lb. per eq. ft., and a net weight of 1,460 
lb., which are good figures for a plane of this size. 

Prom the instructional viewpoint it ie rather sniprising 
to see hard wire and untapered struts employed on thiii plane. 

The other Dayton-Wright machine, the K.T. cabin cruiser, 
m a much more powerful ship, nsing the Idberty Twelve. 
This machine has not etrietly speaking a cabin, if a i>eiman- 
ent structore is understood nnder this term, for tbe oosupanU 
are sheltered against the weather by a hinged cover eom- 
prismg eellnloid windows. Tbe vision is good and as to com- 
fort the aceonunodations are exeellently'devised. 

The K.T. has a high horizontal speed of 120 m.p.li. and a 
low speed of 66 m.p.h. The net weight is 2,686 lb. and the 
gross weight 4,128 lb. The radins of setion, at a crnleing 
speed of 100 m.p.b., is 6 hr. * 
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Other Florida Resorts 


W ITH the opening of the winter 
season, we are now ready to 
give passenger flights in Flying 
Boats and Aeroplanes at Miami and 
other Florida resorts, and flying in- 
struction at Miami. 


Bookings for instruction or flights 
may be made at the Curtiss Flying 
Field, Miami, Fla., where we main- 
tain a well-equipped Training School 
and Service Station. 


CURTISS AEROPLANE and MOTOR CORPORATION 
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A Gigantic S2Jie 
Surplus War Material 

Which Hats Passed Government Inspection 

The Shipbuilding program of the United States Government was so enor- 
mous in scope and stupendous in accomplishment that the ending of the war 
found us with surplus material of practically every description in stock, 
routed to be used, but for which there was no further Governmental use. 

This Is Now For Sale and Must Be Disposed of 
From individual houses to entire villages and housing operations, from ship buckets to 
complete ship equipment — the range of offerings runs. 

There will also be found — Structural steel, fabricated in complete units for combination 
passenger and cargo 8000 tons D. W. capacity steel ship hulls, and several thousand tons 
structural steel both fabricated and unfabricated for other than steel hulls ; Engines and 
Engine Auxiliaries, Boilers and Accessories, Condensers, Tanks and Evaporators, with their 
fittings, Ships and Deck Equipment, Electrical Appliances from Generating Outfits and 
Transformers to Wires, Cables and Batteries- Carpenters', Engineers’, Machinists’ and Fire- 
men’s tools. Blocks, Cranes, Derricks and Booms in enormous quantities and sizes. Re- 
frigerating Outfits and Machinery. Life Boats and Rafts, Lathes. Boring Mills, Planers 
and Riveters. Bending and straightening Machinery. Foundry and Machine Tool Equip- 
ment. Air Compressors and Pneumatic Tools, Railroad Equipment and Pumps 1 horizontal, 
centrifugal, vertical). Pipes, Valves and Fittings, Nuts and Bolts. Seamless Tubing of Cop- 
per and Steel and a variety of other equipment and material Coo numerous to mention. 
Everything has been inventoried, showing the articles, their number with a detailed descrip- 
tion. as well as appraised value. All material has passed Government inspection and is now 
in warehouses at concentration yards. 

Bulk offers for entire lots of material and equipment 
at any of the eonoentration points will receive first 
consideration and be subject to quantity discounts^ 

Inspection is'invited and can he arranged for by addressing; 

.Sales Section. Supply and Sales Division. Cnileil Slates Shipping Board, Emergency Fleet Cor- 
poration. (ith and B Sts.. Washington, D. C,, or any of the following diatriel sales and sub- 
sales offices: 

139 Center St., New York City 922 Edison Bldg., Chicago 

Hibernia Bank Bldg., New Orleans. La. 140 N. Broad St.. Philadelphia 

Northwestern Bank Bldg., Portland, Oregon Custom House, Botton, Mass. 

369 Pine St., San Francisco, Calif. Securhies Bldg,, Seattle, Washington 

United States Shipping Board Emergency Fleet Corporation 

Supply and Salea Division 

Sixth and B Streets, Washington, D. C. 
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C OMMENTING on the peat success of 
the International Aircraft Exhibition at 
the Grand P alais^ Paris, France, the 
New York Tribune's foreign press bureau 
report in the issue of January 23d, 1919, says; 

"One of the very interestingPrenchmachines 
is the J'lieuport ( 300 horse-power Hisparur- 
Suiza Motor) on which S^i Lecointe re- 
cently attained a speed of 307 kilometers an 

The Wright-Hispano Aeronauticaf Engine, built 
by this Oiganization for the French and United 
States Governments, is the American development 
of this now'&mous engine and will be interestit^y 
exhibited at the forthcoming Aeronautical Exposi- 
tion, March 6th-i3th, 1910, at the 71st Regiment 
Armory, New York City. 

Engines are available Jot 

early delivery , 


LIGHT 


WRIGHT ^ HI S FAMO 
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Sturtevant Model 5A— 4^ 




AIRPLANE ENGINES 

HAVE BEEN FLYING FOR TEN YEARS 


They are the product of ehilied 
engrineering and manufacturing 
experience running through 
three generations. 


Latest 


available 


B. F. STURTEVANT COMPANY 

HYDE PARK, BOSTON, MASSACHUSETTS 







AVIATION 


March IS, IHO 


ATLAS WHEEI^ 


Art daily gaining in faaar 
tvith manufaciurert and 
pilot* of aircraft bccaatc: 

They Absorb Shocks 
They Are Stronger 
They Are More Reliable 



Standard Sizes Carried in Stock 


Inquiries and orders will 
receive prompt attention 


THE ATUS WHEEL COMPANY 

Rockefeller Building 

CLEVELAND - OHIO 



JONES 


Airplane Tachometer 

Beet by Teat" 

was designed Mpeciallr for the United 
Stetee Navy Department for uae irt the war. 


We supplied the Navy Department with 
large quantitiea of these instruments and 
their splendid record of service under all 
conditions as demonstrated by the famous 
Trans-Atlantic flight of the N C 1 — N C 3 — 
N C 4 where the JONES AIRPLANE TACH- 
OMETERS were standard equipment, has 
been highly commended by the Navy De- 
partment officials. 


The mechanism is of the centrifugal 
type; the dial is black with radium 
graduations and pointer, and is cali- 
brated in various speed ranges up to 


JONES AIRPLANE TACHOMETER 


is the lightest instrument of any type 
yet produced, and is geared to be 
driven at cam shaft or engine speed 
witbcut extra attachment. 


JONES HAND TACHOMETER 



JONES MOTROLA, Inc. 

31 W: 35th Street New York 
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The Home New York 

ELBRTOGE G, SNOW, President 

Home Office: 56 Cedar Sl, New York 

AIRCRAFT INSURANCE 

Against the FoUoteing Risks 

1. FIRE AND TRANSPORTATION. 

2. THEFT (Of the macbioe or any of iu parts). 

3. COLLISION (Dam^e sustained to the plane itself). 

4. PROPERTY DAMAGE (Damage to the property of others). 

SPECIAL HAZARDS 

ITinduorfn, Cyctanm, Tornado — Pouongar Carrying Parmit — Stranding and Sinking Ctauaa — Damonatraticn Parmit — 
fniCrucSHUi PoTnil 

AGENTS IN CITIES. TOWNS AND VILLAGES THBOUCHOUT THE UNITQ) STATES AND ITS POSSESSIONS, 
AND IN CANADA. MEXICO, CUBA, PORTO RICO AND CENTRAL AMERICA 

Airttaiiy Amomobila, Fir* and Ligklning. Exptoaion, Bail, Mta-ina (Inland and OeaanJ, Pareal Pool, Profitt and Comania- 
tiona, Ragiatarad Matt, Jtcnu, RmUal Vatuaa, Riot and Civil Commotion, Sprinklar Laakaga, Tonriatd Bag- 
gaga, Uaa and Occupancy. Windatorm 

STRENGTH REPUTATION SERVICE 



Eleven years of aviation motor experience at your command. 

Build up your aeroplane business by using guaranteed motors. 

A size for every purpose — 30, 60, 100, 200 H P. 

HARRIMAN MOTOR COMPANY 

So. Glastonbury, Conn. 
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BAKER CASTOR OIL CQ 


of Castor CHI in ute Umted Suues J 

120 BROADWAY ' — NEW YC«K. 1 


*The Spark Plug 

That Cleans Itself* 


: Infinite Spark” 


IMITH CORPORATION 

3 COLD STREET, NEW YORK.CITY _ 


A-A 

Castor Oil 


SpeciAlJy Refined 
for the LuiM-icotion c( 
AERONAUTICAL MOTORS 
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An Announcement 

WITTEMANN-LEWIS AIRCRAFT CO., Inc. 

OF NEWARK, NEW JERSEY 

Designers, Developers and Builders of Fine 
and Special Aircraft since 1906 

For Military, Naval, Sporting and Commercial Use 

HAVE REMOVED TO THEIR NEW PLANT 

- AT 

TETERBORO, NEW JERSEY 


NEW YORK AIR TERMINAL 


'■ Six Milts From the Heart of Hem York " 



atia: 


THIS MARi^^^^^^^^^^^GUARANTEES 

Producers of Aluminum 

Mmnufmaarm, of 

Electrical Conductors 

THE ATLANTIC FLIGHT 
PARAGON PROPELLERS 

PARAGON Propellers 

Paragon SERVICE 

Mved the d.y 
BALTIMORE. HD. U. S. A. 

Ingoj^Shee^Tubm^, Rod, Rivets. 
Litot Aluminum Solders and Flux 

Northern Ltd, Toronto 

Nortbem Ltd, London 

Edstrom Machinery Company 

REPORT Swial No. 646 

“RYLARD” 




AEROPLANE^*PROPEIXERS 



STRUTS AND SKIDS 
SEAPLANE FLOATS 
DOPED FABRICS 

'■ 

Uewellyn Ryland Co.of America 

624 S. BdlCHIGAN AVENUE, CHICAGO, US.A. 
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Louis Dusenbury & Co., inc. 


MANUFACTURERS AND IMPORTERS 
INTERIOR TRIMMINGS OF QUALITY 
FOR PASSENGER PLANES AND 
DIRIGIBLES 

CARPETS 

UPHOLSTERIES 

CURTAIN FABRICS 

229-233 FOUBTB AVENUE NEW YOKE 


NEW CURTISS “F” BOATS 

With new Cnniu OXX-6 Moiort 

THESE WONDERFUL BOATS AT A 
REMARKABLY LOW PRICE 

Kewtomicol RelwMe 

For perticnler* write or wire 

P. E. EASTER 

3ia Woodliwn Road RoUnd Perk 

Ballimore. Md. 


' 'VateRPROO^ I 

[LlftUID CLt 'j 

FEAdoiaW a 

^ For Your Flying 
S Boats Use 

1 Upward ol 5,000 fallona 
^ of Jeffery's Patent 
b Waterproof Liouid Glue 
h has bssei usad by the 
H U. S. Nary and War Do* 
n partmenta and aa much 
H mor^by the various 

1 L. W. Ferdinand A Co. 


LEARN TO FLY 
AMERICAN ACES 

than any other ituiructor. 

Army Training Planes Used. 
fFe Build Our Machines. 

PRINCETON FLYING CLUB. Princeton, N. J. 
WEST VIRGINIA AIRCRAFT CO.. Wheeling. W. Va. 
DAYTONA FLYING CLUB (Winter), Daytona, Fla. 

FREDERICK W. BARKER 

RECISTEPED PATENT ATTORNEY 
2 RECTOR STREET NEW YORK 

Tmimphon* 4174 Rtclar Ootr 39 Fear* in Pracitce 


rRSdlDENT 

rnOM.«.TOi«. 

SPECIALTYi Pattnl Cloimt That ProUe 

AERONAUTICAL SHOW OF SAN FRANCISCO 

EXPOSITION AUDITORIUM ,\pril 21-22.23-24-25.26.27.28. 1920 SAN FRANCISCO 

]VLANUFACTUr'eRs”~AIRC^^ XsSOCIATION, Inc. 

Address All Ccmmuniraiions To SHOW HEADQUABTERS 

WALTER HEMPEU Msoaper Hotel St. Francis, ban Franasco 


Mereb IS. 1910 


lATION 


176 . 


CAPITAL JIGS 

GRINDER STAMPINGS 


DIES 


W fattliy MteruL AU Bocbise «nno be 

made rifkl and pteiotm tbair fanciktai frettrlt 
taaoee w» have odaipped oar new plaat to ran oat work 
•f Oa blftaait qaalitr- We oCar oat facOitia* to ra> 
aad traat are map be ci etrriea. 

fPiU yc9 dear at a tedaif 

Lansing Stamping & Tool Co. 

Lansinc, Hicbioam 


Hamilton Propellers 
of Quality 

are used by the discriminate flyers 
They will tell you why. Standard 
price list upon application 

HAMILTON AERO MFG. CO. 

MILWAUKdE. WIS. 

Successors to Aircraft Department 
Matthews Brothers Mfg. Co. 


Ships ofLthe’ “better kind" 




SHOCK 

ABSORBER 

CORD 


FOR AEROPLANES 
PROMPT DELIVERIES 

Samples on Reqvest 

J. W, Wood Elastic Web Co. 
STOUGHTON. MASS, 


AIRPLANE INSURANCE 

FOR THE 

Maaufact Direr — Flyer 




-CoUiaioi) — Damage to Property of Others 
— ' Liability — Life — Peteooal Acddent 
servative Rates — Best Companies 
PnONB—WRlTE—WIRE 


HARRY M. SIMON 


Insurance Expart 

81 Fulton Street New York. N. Y. 



THE 

PIONEER INSTRUMENT COMPANY 

lakes great pleasure in announcing that 
M>, MORRIS M. TITTUUNCTON 
)ws jotned tUs company as CUet EagkMSr, 

For the ^st five yaars-Hr, THtertagtoa has kea Chief 
raikisis of the Aircraft hisimnaat Department et tbe 
Sp wi ) Gyroscope C e mpany . 

PIONEER. INSTRUMENT COMPANY 

24« CRXIMWICH STRUT NEW YORK CITY 
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Aeronautical Engineering and Airplane Design 


87 LISUTBNANT ALEXANDER KLEMIN 



Price. pMtpaid, in the Uniled Stalet, S5.00 Nel 

THE GARDNER-MOFFAT COMPANY, Inc., Publishers 

22 East 17th Street, New York City 


More Than Ever During 1920 

Will you require regular copies of 

AVIATION AND 
AERONAUTICAL 
ENGINEERING 

To follow the extraordinary advances being made in aircraft and air transportation. 


SPECIAL OFFER 

Send One Dollar for a four months' trial subscription — eight issues 


GARDNER-MOFFAT CO., INC. 

22 EAST 17TH STREET NEW YORK 
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n keepiDK with tbe quality of our raw malerh 
itaJfi an adequate force of skilled workmen a 
ig CNCINEERING DEPARTMENT, the 

■ellera. Patient care la behind the manufaciun 
Fction of each Propeller Ibal leaves our factor 


^Patient Care is behind each 
Vopeller iniiis finished produci 


We have desigoed and built thuusands of 
Airplane Propellers for the very best oia- 
chines. We have every modem facility for 
()uickly producing in large numbers abso- 
lutely reliable propellers that will meet the 
most exacting requirements of all types of 
airplanes. 


Our large mills, located in tbe heart of tbe 
best WALNUT belt, manufacture 25,000 feet 
of WALNUT lumber daily; and only the 
finest of this ideal propeller wood goes into 
Hartzell Propellers. 


May ICC figure ujith you? 

Hartzell Walnut Propeller Co. 


After standing in an 
equalizing room for 10 daqs, 
the roudned propellers are 
finished TO size in the bench 
depaWment - 



Goodyear’s Pony Blimp 


G OODY£AR'S Pony Blimp is de- 
signned to the need for small, efficient, 
inexpensive airships for commercial, sport 
and government use. Already, it has 
demonstrated air- 
worthiness, being 
sensitive to pro- 
peller and controls, 
and operating eco- 
nomically. 

For Aero Clubs, the Pony Blimp offers 
the means for training members, so 
that all may become competent dirigible 
pilots. 

In flight, two members can maneuver the. 


ship at full motor speed, 6,000 feet up, 
over a 400-mile range. Or by drifting 
with favoring winds, motor idle, gasoline 
may be conserved and total range con- 
siderably increased. 
Equipment of moor- 
ing harness and 
anchor permits of 
ground stops when 
desired and replen- 
ishment of gas and supplies. 

For governments, for commercial bodies, 
for Aero Clubs, Goodyear builds Pony 
Blimps and other types of balloons of a 
quality that Protecte Our Good Name. 



Balloons of Any Size and Every Type 
Everything in Rubber for the Airplane 




I N the construction of 
United States Balloon Fab- 
rics, due consideration is 
given to every condition of 
service to be encountered. 
Their dependability is thereby 
assured. Their quality is 
backed by the oldest and 
largest rubber manufacturer 
in the world, which supplies 
every rubber product used in 
aeronautics. 


United States Rubber Compai^ 




